Modulation of Immune Function by UV Radiation  by Kripke, Margaret L. & Morison, Warwick L.
0022-202X/85/850 l s-0062s$02.00/ 0 
THE ,JOU RNAL OF INVESTIGATIVE DERMATOLOGY, 85:62s- 66s, 1985 
Copyright © 1985 by The Williams & Wilkins Co. 
Vol. 85, No. 1 Supplement 
Printed in. U.S.A. 
Modulation of Immune Function by UV Radiation 
MARGARET L. KRIPKE, PH.D . AND WARWICK L. MORISON, M.D. 
Department of Immunology, The University of Texas M. D. Anderson Hospital and Tumor Institute at Houston, Houston, T exas, and LBI-Basic 
Research Program, NCJ-Frederick Cancer Research FaciLity, Frederick, MaryLand, U.S.A. 
In addition to its carcinogenic activity, ultraviolet 
(UV) radiation is capable of modifying certain immu-
nologic reactions. Immunologic alterations induced in 
mice by UV radiation include both local and distant 
effects. Local alterations result from a direct effect of 
UV radiation on an immune reaction that takes place at 
the site of irradiation. Distant alterations are those in 
which exposure of the skin to UV radiation at one site 
modifies an immune reaction occurring at a distant, 
unexposed site. Based on recent studies, we propose that 
there may be two types of distant alterations. One is 
nonspecific, _may be due to accumulation of leukocytes 
at the site of UV-induced inflammation, and is exempli-
fied by the suppression of delayed hypersensitivity and 
local graft-versus-host (GVH) reactions. The second 
may result from DNA damage, may involve a soluble 
mediator, and is manifested by the systemic suppression 
of contact hypersensitivity and the formation of antigen-
specific suppressor T lymphocytes. These immunologic 
effects of exposure to UV radiation may be important in 
the pathogenesis of skin cancer and other cutaneous 
diseases. 
Exposing mice to UV radiat ion not only induces skin cancers 
but also produces both local and systemic immunologic changes 
[1]. The significance of these changes for various disease proc-
esses is largely unknown at present. However, one immunologic 
effect of UV irradiation has been shown to contribute to the 
growth and progression of cutaneous neoplasms. In particular, 
mice exposed to UV radiation eventually develop suppressor T 
lymphocytes (Ts) that prevent immunologic rejection of the 
highly antigenic skin cancers induced by UV irradiation [2]. 
Other immunologic a lterations that occur following exposure 
to UV radiation can be divided into two types: local and distant. 
Local alterations are those that resu lt from a direct interaction 
between UV radiation and an immunologic reaction t hat takes 
place locally, in the irradiated skin. Distant alterations are 
those in which exposure to UV radiation at one site changes an 
immune response that occurs at an unexposed site. In recent 
years, considerable effort has been directed toward understand-
ing the mechanisms by which UV radiation produces these 
effects. The reasons for thi s interest are quite varied. First, it 
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is important to assess whether the effects of UV radiation 
contribute to the pathogenesis of cutaneous and systemic dis-
eases. Second, this information might provide new insights into 
the immunology of cutaneous cancers and could suggest new 
immunologic approaches for treatment of certain cancers of the 
skin. Third, the study of how UV radiation activates the Ts 
pathway is providing new information about the basic mecha-
nisms involved in immunologic regulation. 
LOCAL EFFECTS OF UV RADIATION ON IMMUNE 
FUNCTION 
The first study on UV -induced local alterations in immune 
reactivity was described by Haniszko and Suskind [3], who 
demonstrated that contact hypersensitivity (CHS) reactions 
elicited in the UV -irradiated skin of guinea pigs were decreased 
compared with those elicited at unexposed sites on the same 
animals. The mechanism of this efferent suppression is not 
known, but there is evidence that a similar phenomenon occurs 
in humans exposed to sunlight [4]. 
More recent studies have focused on the effects of UV radia-
tion on the induction phase of the CHS reaction. Toews et a! 
[5] reported that after exposing mice to a small, suberythemal 
dose of UV radiation, epicutaneous application of dinitrofluo-
robenzene [DNFB) to exposed skin produced only a minimal 
CHS reaction , whereas application of DNFB at an unexposed 
site produced a normal CHS response. In addition, sensitization 
through irradiated skin resulted in the induction of specific 
immunologic tolerance and in the appearance of antigen-spe-
cific Ts [6]. Thus, although this is a local effect of UV radiation 
in that it can be induced only by applying DNFB to the 
irradiated skin, the effect, once induced, is expressed systemi-
cally. The induction of this immunologic alteration by UV 
radiation correlated with a reduction in the number of cuta-
neous Langer hans ce lls at the site of exposure and with changes 
in their morphology [5], suggesting that activation of the T s 
pathway might result from a direct effect of UV radiation on 
cells involved in antigen presentation. 
Support for this hypothesis was provided by experiments 
demonstrating that the Ts pathway was activated following 
immunization of mice with epidermal cells that had been ex-
posed in vitro to UV radiation prior to their coupling with 
antigen [7]. A recent study by Granstein et al (8] suggests that 
there are 2 types of antigen presenting cells in the epidermis. 
One is I-A positive, UV-sensitive, and activates the CHS re-
sponse (Langer hans cell) . The second is I-J positive, UV-
resistant, and activates the Ts pathway (identity unknown). 
There are also reports that UV radiation can affect the 
production in the skin of certain chemical mediators of immu-
nologic reactions (interleukins) [9 ,10]. This constitutes another 
potential mechanism by which exposure to UV radiation can 
modify immunologic processes, and it might contribute to the 
decreased elicitation of CHS reactions in UV -irradiated skin. 
However, the significance of the reported alterations in media-
tor production for immune responses in vivo has not yet been 
establ ished. 
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DISTANT EFFECTS ON IMMUNE FUNCTION 
The finding that UV irradiation of mice altered certain 
immune responses occurring at sites not exposed directly to the 
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radiation resul ted from immunologic studies with UV -induced 
skin cancers. Many of these skin cance rs are so highly antigenic 
t hat they a re immunologically rejected when t ransplanted to 
mice of t he same inbred strain [11] . In studying how such 
ant igenic cance rs were able to survive immunologic destruction 
in t he prima ry host, we found t hat t he exposure of mice to UV 
radi atio n in terfered with their abili ty to reject UV -induced skin 
cancers, which were implanted subcutaneously at unexposed 
sites [1 2]. This a lte ration in tumor rejection occurred early in 
t he course of carcinogenesis, before primary skin cancers could 
be detected. We then carried out a se ries of immunologic tests 
in order to determine whether t he fai lu re of UV -irradiated mice 
to reject UV -induced tumors re f1ected a genera lized impairment 
of immune function or whether it rep resented a selective im -
munologic a lte ration [13- 15). We and others [16] found t hat 
in many assays, UV -irradiated mice ex hibi ted normal immu-
nologic reactivity, including graft rejection, ant ibody formation, 
GVH reactivity, and in vitro lymphocyte and macrophage func-
tion, at a t ime when they were unable to reject syngeneic, UV-
induced tumors. Subsequent studies demonstrated that t he 
fa ilure to reject UV -induced tumors could be t ransfe rred with 
lymphoid cells [17] and t hat it co rrelated with the presence 
of Ts in t he lymphoid organs of t he UV-irradiated animals 
[18,19). 
While studying the immunologic capabili t ies of mice during 
UV carcinogenes is, however, we found t hat certa in immuno-
logic functions were impaired ve ry early in t he course of UV 
irradiation [13]. When UV-irradiated mice were used as recip-
ients for a loca l GVH assay, t he host component of t his reaction 
was impaired by t he exposure to UV radiation. In t his assay, 
reactivity was tested by injecting parenta l lym phocytes into the 
rear footpads ofF1 hybrid mice and then measuring the increase 
in weight of the pop li teal lymph nodes 1 week late r. UV 
irradiation of t he lymphocyte donor had no effect on the 
magnitude of t he reaction, but irradiation of the F1 hybrid 
recipient caused a reduction in reactivity. This effect was 
apparent during the first few months of exposure to UV radia-
t ion, but it was not present later on; t hus, reactivity seemed to 
recover, even though t he irradiation cont inued. A similar pat-
tern was obse rved in mice immunized with DNCB and tested 
fo r delayed hypersensitivi ty (DH S) by injecting DNCB into the 
footpads and measuring footpad swelling 24 h later. Exposure 
of the animals to a short course of UV irradiation resul ted in a 
decreased DHS reaction, but th is reactivity eventua lly re-
covered wi th continued irradiation. 
Because these 2 immunologic changes preceded the formation 
of the UV -induced T s, J essup et a! [20] postulated that t hey 
might refl ect early steps in the process of Ts formation and 
that their investigation might provide insight in to the mecha-
nism by which T s were activated in UV -irradiated hosts. Cell 
t ransfe r studies demonstrated that the impairment of DHS was 
not due to a block in t he effector portion of the reaction, 
because UV -irradi ated mice responded normally to DNCB chal-
lenge afte r they received an adoptive t ransfer of immune lym-
phocytes. Furthermore, lymphocytes taken from UV -irradiated 
mice and used to reconstitute lethally X- irradiated recipients 
were able to respond normally following sensitization of t he 
recipients with DNCB. These studies indicated that the UV-
induced impairment in DHS must occur at a very early step in 
the reaction, before activation of lymphocytes, and they sug-
gested that the upta ke, processing, or presentation of t he anti-
gen had been altered by the UV irradiation, resul t ing in a 
decreased DHS reaction. 
Direct evidence for a UV -induced a lteration in antigen pres-
entation was provided by Greene and coworkers [21 ]. They 
fou nd that the UV -induced dec rease in DHS could be overcome 
by immunizing UV -irradi ated animals with trini trophenyl 
(TNP)-coupled sp lenic adherent cells (TNP-SAC) (presumably 
macrophages) obtained from normal donors. Immunization of 
UV- irradiated mice wit h TNP-SAC obtained from UV-irradi-
ated mice did not induce DHS, and furthermore, TNP-specific 
Ts were found in the spleens of t hese mice. In these studies, 
DHS was measured by injecting TNP-conjugated spleen cells 
in to the footpads [21] or t he ears of mice [22] and measuring 
the swelling 24 h later. Subsequent studies showed, in addition, 
t hat the abili ty of SAC from UV- irradiated mice to present 
antigen in ce rtain in vitro assays was a lso impaired and t hat 
this impairment correlated with a decrease in t he number of I-
A posit ive cells t hat could be recovered from t he spleens of the 
UV -irradiated animals [23,24]. 
Several hypotheses have been suggested to explain how ex-
posing the skin to UV radiation can alter t he activity of sp len ic 
antigen-presenting cells (APC). These hypotheses include de-
struction of precursors in the bloodstream during the irradia-
t ion, resulting in depletion of APC in t he spleen ; t he formation 
or release of a chemical mediator that interferes with the 
activity of the APC subpopulation required for induction of 
DHS, and t he accumulation of APC at the site of irradiation 
in an inf1ammatory response to UV -induced cutaneous injury. 
Lynch and coworkers [25,26) recently provided evidence that 
cells capable of present ing ant igen in vit ro do indeed accumu-
late in the lymph nodes draining UV-irradiated skin and that 
this effec t wanes with cont inued exposure to UV irradiation. 
These authors suggest t hat t he decreased DHS reaction could 
be due to the absence of available APC in the spleen at the 
t ime of sensit ization and that its recovery corresponds to the 
restoration of cellular equilibrium. They postu late, in addit ion, 
t hat t he effect might be init iated by the release of acute phase 
reactants from irradiated skin . 
EFFECTS OF UV RADIATION ON INDUCTIO N OF 
CHS AT UNEXPOSED SITES 
For the past several years, work in our laboratory has been 
directed toward understanding t he mechanisms by which ex-
posing the skin to UV radiation at one site alters the response 
to a reactive hapten t hat is painted on unexposed skin. Under 
certain condi t ions such sensit ization results in a decreased 
CHS reaction, as determined by painting t he ears of t he mice 
with hapten and measuring ear swelling 24 h later, and it is 
acco mpanied by the appearance of hapten-specific Ts in the 
spleen. This phenomenon has been characterized extensively 
in terms of the time course of suppression [22], t he UV dose-
response [27], wavelength dependence [28], and suppressor ce ll 
phenotype [29,30) and activity (31). Nonetheless, many of the 
steps involved in its induction remain obscure. To complicate 
the situation further, recent experiments indicate t hat there 
are major differences between the suppression of CHS by UV 
radiation and the suppression of DHS, which suggests t hat 
different mechanisms may be involved [32]. 
In t he suppression of CHS by UV radiation, the init ia l event 
in the pathway leading to Ts formation must involve the 
absorption of UV radiation by some component of the skin . 
This conclusion is based on the fi nding that UV irradiation 
suppresses CHS in mice whose dorsal fur is clipped prior to 
irradiation, but suppresses CHS only marginally in mice that 
are unclipped [27]. The wavelength dependence, or action spec-
trum , for suppression of CHS indicated that t he most effective 
wavelengths of UV radiation are in t he 265-275 nm range 
[28]. This a lso suggests that the initia l effect of the UV radia -
t ion takes place at a very superficial site, because these wave-
lengths have li ttle capac ity to penetrate deeply in to t he sub-
cuta neous tissues. The actua l ta rget molecule that absorbs the 
UV radiation and ini t iates the chain of events culminating in 
suppression of CHS has not been identified. DeFabo and 
Noonan have suggested urocanic ac id as a possible target mol-
ecule based on its location in the stratum corneum and on 
simila ri ties between its abso rpt ion properties and the action 
spectrum fo r suppression of CHS, and they postulate that a 
photoisomer of urocanic acid might be a soluble mediator of 
the immune suppression. However, to date, no evidence of 
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immunologic activi ty of t he photoisomer of urocanic acid has 
been found. 
A second candidate for t he target molecule, suggested by the 
action spectrum , is DNA, which also absorbs radiat ion in t he 
265 nm wavelength region. However, it is difficul t to envision 
t hat DNA itself would se rve as a chemical mediato r of immu-
nosuppression. It is more likely that UV -induced damage to the 
DNA of a particular cell present in the skin results in the 
release of a chemical mediator that, in turn, initiates the 
immunological effects. Alternatively, sufficient DNA damage 
might be inflicted to eliminate certai n cells that are subse-
quently required for efficien t induction of CH S (e.g., blood 
monocytes). Consistent wit h this hypothesis is the finding that 
another treatment capable of producing lesions in DNA (psor-
alen plus UVA [320- 400 nm] radiation) also suppresses CHS 
and induces hapten-spec ific Ts [29]. In t hi s context, it is 
interesting to note t hat a substance present in t he serum of 
UV -irradiated mice 3 h a fter irradiat ion can t ra nsfer at least 
some of t he effects of UV exposure [33]. Several days after i.v. 
injection of this serum into normal syngeneic mice , sensitiza-
t ion with DNFB results in a decreased CHS reaction compared 
with that in mice receiving normal serum, and spleen cells from 
these mice prevent t he induction of CHS upon transfer to 
secondary hosts. The active factor in the serum of UV -irradi-
ated mice has not been identified, but its size and certain of its 
chemical properties suggest that it is not a photoisomer of 
urocanic acid (R. Swartz, personal communication) . 
The next step in the process ofUV -induced systemic suppres-
sion of CHS is even less appare nt because the immunologic 
target of t he ini t iati ng event in t he skin is still unknown. 
Immunosuppression could be mediated by means of an effect 
on local APC within the irradiated skin; on APC in draining 
lymph nodes, blood, spleen , or di stant unexposed skin; or on a 
combination of these. Two relevant pieces of information are 
t hat (a) a very early step in t he CH S react ion is affected by UV 
radiation [34] and (b) the effect is se lective in that CHS to 
trini t rochlorobenzene (TNCB) is a ffected , but the product ion 
of antibody aga inst t he same a nt igen is not affected (S. Ullrich, 
unpubli shed data). These facts again point to t he process of 
a ntigen upta ke or presentatio n as t he immunologic target of 
t his particular effect of UV radiation, but where a nd how this 
occurs rema ins uncl ear . 
RECENT STUDIES ON THE MECHANISM OF 
DISTANT SUPPRESSION BY UV RADIATION 
Recent studies have addressed the question of which popu-
lation of APC is the prima ry immunologic target of the UV 
radiation. Using seve ral different wavebands of UV radiation, 
Noonan et al [32] demonstrated that there was no correlation 
between morphologic da mage to Langerhans cells at the site of 
irrad iat ion a nd t he suppression of CH S to hapten applied to 
unexposed skin. This suggested that t he systemic effect of UV 
radiation did not result from a direct alteration of La ngerhans 
ce ll s by the rad iation. We demonstrated, in addition, t hat 
elimination of Lange rh ans cells from t he skin wi t h high doses 
of UV A rad iat ion did not result in systemic suppression of 
CH S, nor did it prevent the subsequent induction of suppres-
sion by UVB (280- 320 nm) irradiat ion of Langerhans cell-
depleted skin [35]. Furthermore, no alterations in t he number, 
appearance, or activity of La ngerhans cells at t he sites of 
sensitization or challenge have been demonstrated to date 
[26,32,35]. These studies strongly suggest t hat in contrast to 
t he loca l suppression of CHS, t he suppression of CHS to hapten 
applied to unexposed skin is not mediated by the same UV-
induced alterations in Langerha ns ce lls. 
Recently, we addressed t he question of whether the destruc-
tion or redistribu t ion of circulating APC by UV radiation could 
accoun t for t he systemic suppression of CH S [34]. In this study, 
C3H mice were exposed to FS40 sunla mps for 3 hat an incident 
dose-rate of approx imately 5 J /ml/s. At various times there-
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after, t he animals were given syngeneic bone marrow cells i.v., 
purified splenic APC i.v ., or spleen fragments i.p., in a n attempt 
to restore their CHS response to hapten applied on unirradiated 
abdominal skin. As illustrated in T a ble I, none of these proce-
dures restored the CHS reaction. This is particularly interesting 
in view of the recent finding that such procedures can restore 
the local GVH reaction in UV-irradiated mice [35). Table II 
illustrates such an experiment in which suppression of the host 
component of the local GVH reaction by UV radiation is 
abrogated by i.p. implantation of spleen fragments. 
TABLE I. Effect of bone marrow, splenic APC, and spleen fragments 
on UV-induced suppression of CHS in C3H- mice 
Experiment Treatment (day)• Ear swelling• D.' Suppressiond (em X 10-3 ± SO) 
None 3.9 ± 0.8 
TNCB (8) 23.5 ± 4.1 19.6 
uv (0) 6.6 ± 2.0 
UV, TNCB 11.1 ± 3.5 4.5 77 
UV, BMC (1), TNCB 11.2 ± 3.5 4.6 77 
UV, BMC (4), TNCB 11.2 ± 2.7 4.6 77 
2 None 1.9 ± 1.1 
Sham surgery (1), 10.0 ± 4.5 8.1 
DNFB (7) 
Spleen fragments (1) 10.6 ± 4.0 8.7 
DNFB 
uv (0) 3.5 ± 1.2 
UV, sham surgery, 4.4 ± 1.8 0.9 89 
DNFB 
UV, spleen frag- 5.1 ± 1.7 1.6 82 
ments, DNFB 
3 None 3.9 ± 1.8 
TNCB (7) 9.3 ± 3.3 5.4 
uv (0) 2.9 ± 1.3 
UV, TNCB 4.2 ± 1.2 1.3 76 
UV, APC (1) 4.1 ± 1.5 1.3 78 
UV, APC (4) , TNCB 4.5 ± 1.0 1.6 70 
• UV = a single 3-h exposure to FS40 sunlamps. TNCB = 100 1'1 of 
5% TNCB in acetone applied to shaved abdominal skin. DNFB = 25 
Jll of 0.6% DNFB in acetone. BMC = 5 X 107 normal bone marrow 
cells injected i.v. Spleen fragments = 1- 2 mm3 pieces from 2 normal 
spleens implanted i.p. APC = splenic antigen presenting cells from 2 
donors, injected i.v. , purified by adherence to plast ic and banding on a 
50% percoll gradient. 
b Increase in ear thickness 24 h after applicat ion of 5 Jil of 1% TNCB 
in acetone or 0.2% DNFB in acetone to each ear surface. Mice were 
challenged 6 days after sensitization. 
' Ear swelling of sensitized groups minus unsensitized groups. 
" [D. of UV -treated group] 1 - X100 
D. of control group 
TABLE II. Effect of spleen fragments on UV- induced suppression of 
the local graft-versus-host reaction 
Treatment of 
B6C3F 1 recipients 
None 
Spleen fragments' 
UV" 
UV, spleen fragments 
• Mean ± standard error of the mean. 
Ratio of popliteal 
lymph node 
weights a 
injected: uninjected• 
4.02 ± 0.19 
4.07 ± 0.37 
1.85 ± 0.12 
3.81 ± 0.35 
1
' Recipients were injected with 1 x 107 parental C3H- lymph node 
cells into the right hind footpad on day 5 afte r UV irradiation. Seven 
days later, the popliteal nodes were removed and weighed, and the ratio 
of the weights of lymph nodes on the injected and uninjected sides was 
determined. Each group contained 8- 10 mice. Injection of syngeneic 
B6C3F, cells into the footpad did not result in a significant increase in 
weight of the popliteal node. 
'Fragments of 2 spleens were implanted i.p. into each rec ipient on 
the day of footpad injection. 
"UV = a single 3-h exposure to FS40 sunlamps. 
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TABLE III. Ear swelling response to TNCB of C3H- mice immunized 
with normal TNP-SAC 
Number of TNP-SAC 
injected s.c." 
Ear swelling response t.o TNCB• 
Normal mice UV -irradiated mice 
None 
5 X 105 
2 X 106 
3 X 107 
2.0 ± 0.8 
6.5 ± 1.1 
7.7 ± 1.3 
10.0 ± 1.8 
3.6 ± 1.0 
3.2 ± 0.7 
3.8 ± 1.2 
5.3 ± 1.0 
a SAC= splenic adherent cells prepared by 1-h incubation on plastic 
and removed with Xylocaine. 
• em x 10-3 ±SO. Mice were challenged with 1% TNCB 6 days after 
sensitization. 
TABLE IV. Effect of UV radiation on DHS and CHS in BALB/c mice 
Ear Swelling' 
Sensitization a Challenge• (em X w-" ± SO) % suppression 
NR UV 
TNCB TNCB 10.5 ± 2.1 6.3 ± 1.1 62 
TNCB TNP-SC 10.3 ± 2.8 4.7 ± 3.1 68 
TNP-SAC TNCB 9.0 ± 2.6 5.1 ± 1.4 74 
TNP-SAC TNP-SC 5.9 ± 1.5 5.0 ± 2.6 15 
None TNCB 3.7 ± 0.8 3.7 ± 1.4 
None TNP-SC 2.6 ± 1.6 2.2 ± 1.4 
a TNCB = 50 1.d of 1% TNCB in acetone applied to shaved dorsal 
skin. TNP-SAC = normal splenic adherent cells conjugated with 
TNBS, injected s.c. at a dose of l X 107 cells. 
• Mice were challenged with 1% TNCB epicutaneously on the ears 
or with 1 x 107 TNP-conjugated nucleated spleen cells injected s.c. into 
the base of the ear in a volume of 0.03 ml 6 days after immunization. 
' Represents the mean ± SO from 7 independent experiments. 
We next attempted to restore CHS in UV -irradiated mice by 
immunizing them with TNP-SAC. This procedure has been 
shown previously to induce DHS in UV -irradiated animals 
[21 ,22]. However, the CHS reactivity could not be restored in 
the UV-irradiated mice with this approach (Table III). We 
therefore repeated these experiments and compared simulta-
neously the DHS and CHS reactions in normal and UV-
irradiated mice. We found that although DHS can be induced 
in UV -irradiated mice by immunization with TNP-coupled 
normal APC, the CHS reaction cannot be restored by this 
procedure (Table IV). 
DISCUSSION 
These results lead us to postulate that there are at least 2 
separate alterations induced by acute UV irradiation that influ-
ence distant immune responses. The first, which we term the 
"inflammatory" alteration, affects DHS and the host compo-
nent of the local G VH reaction. It is reversible with continued 
UV exposure [13], and it can be abrogated by infusion of spleen 
cells [36]. This effect of UV radiation is nonspecific in that 
other inflammatory agents can produce similar changes. For 
example, thermal injury also decreases the local GVH reaction, 
and this decrease is reversed by implantation of normal spleen 
fragments [36] . Also, treatment of mice with turpentine causes 
an increase in APC activity in draining lymph nodes similar to 
that observed after UV irradiation [25]. It is quite likely that 
these particular alterations resu lt from a redistribution of APC 
in response to UV-induced inflammation, as suggested by 
Lynch et al [25,26]. Whether this effect of UV radiation results 
in activation of the Ts pathway to exogenous antigens is not 
clear. Thus far, only immunization of UV -irradiated mice with 
TNP-conjugated SAC from UV -irradiated donors has been 
shown to induce Ts. Recent experiments demonstrated that 
DHS to sheep erythrocytes is suppressed in UV -irradiated mice, 
but it is not yet known whether antigen-specific Ts accompany 
this suppression (M. Kripke, unpublished data). 
TABLE V. Effect of inflammatory and DNA-damaging agents on CHS 
induced at a distant site 
Experiment Treatment. a e;• % suppression p< 
1 None 18.0 
Turpentine 14.5 19 N.S: 
UVB 4.2 77 0.0001 
2 None 15.6 
Heat 14.2 9 N.S. 
UVB 7.2 54 0.0001 
3 None 22.0 
Superficial x-rays 
(4500 Rad) 7.8 65 0.0001 
UVB 9.7 56 0.0001 
4 None 16.4 
5-Methylisopsoralen 
+UVA 6.1 63 0.0001 
UVB 3.5 79 0.0001 
a Turpentine = 0.1 ml daily for 6 days; heat = 10-s application of 
gauze soaked in boiling water to dorsal skin of anesthetized mice; 10 
mg 5-methylisopsoralen + 108 kJ / m2 UVA (320-400 nm) radiation; 
UVB = 3-h exposure to FS40 sunlamps (-50 kJ / m2). C3H- mice were 
sensitized with TNCB (Experiment 1) or oxazolone (Experiments 2-
4). 
• See footnotes to Table I for details. 
' N.S. indicates not significant. 
The second effect of UV radiation is exemplified by the 
afferent suppression of CHS and the production of hapten-
specific Ts. This alteration cannot be abrogated by infusions 
of lymphoid cells, which suggests that it is not due to cellula r 
redistribution. Furthermore, preliminary experiments indicate 
that the CHS response does not recover in chronically irradi -
ated mice, in contrast to the DHS and local GVH reactions. 
This effect of UV radiation cannot be duplicated by inflam -
matory agents such as turpentine or heat, but other agents that 
damage DNA appear to have similar activity (Table V) . 
The inability to reconstitute the CHS reaction in UV -irra-
diated mice with normal lymphoid cells or even with hapten-
conjugated APC strongly suggests the involvement of a soluble 
mediator. Thus, these results are compatible with other studies 
implicating such a mechanism [28,33]. However, the cellular 
target for this mediator and the basis for its selective effect on 
antigens introduced via the cutaneous route are not yet known. 
It is possible that the putative soluble mediator acts direct ly on 
distant Langerhans cells or other cells involved in the presen-
tation of such antigens. Alternatively, changes in the permea-
bility of distant skin might permit rapid entry of the antigen 
into the circulation, resulting in sensitization via the intrave-
nous route, a procedure known to activate the Ts pathway. 
In summary, exposure of mice to UV radiation produces in 
them a variety of immunologic disturbances, both locally in the 
irradiated skin and at distant, unexposed sites. It is of consid-
erable interest to determine whether any or all of these immu-
nologic alterations contribute to the induction of the Ts that 
inhibit the rejection of skin cancers in chronically UV-irradi-
ated mice. In addition, the relevance of these findings for 
humans exposed to sunlight needs to be assessed. Thus, t he 
mechanisms underlying these immunologic alterations are cur-
rently under investigation in an effort to determine the signif-
icance of these effects in cutaneous carcinogenesis and in the 
pathogenesis of various skin diseases. 
The assistance of Ms. Helen Farr in preparing this manuscript is 
acknowledged with thanks. 
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